Introduction
A live attenuated influenza vaccine (LAIV) has been licensed for use in children and adults in the U.S. since 2003. The vaccine, which is administered intranasally, represents the first new approach to influenza vaccines licensed since the development of split virus vaccines. The injectable trivalent, inactivated influenza vaccine (TIV) continues to be used regularly in the U.S. and remains the only option for groups not eligible to receive LAIV. Several studies have been conducted to evaluate the efficacy and effectiveness of LAIV in comparison to both people receiving TIV and unvaccinated individuals. However, the majority of these studies were conducted among children. In children less than 5 years of age and asthmatic children 6-17 years of age, LAIV was found to have superior efficacy and effectiveness in comparison to TIV [1] [2] [3] [4] . A limited number of studies, mostly randomized trials or experimental challenge studies, have been conducted among adults. Although both vaccines have been shown to have absolute effectiveness against influenza-like illness in adults, studies directly comparing LAIV to TIV found mixed results on which vaccine had superior efficacy in the prevention of culture-confirmed influenza [5] [6] [7] [8] [9] .
Within the U.S. military population, influenza and other respiratory infections have historically caused significant morbidity and mortality [10] [11] [12] [13] . Recruit settings, service on ships, and other military settings which require crowding have been associated with outbreaks of influenza, occasionally despite high immunization rates [14] [15] [16] [17] . The U.S. military has been a strong proponent for the development and use of influenza vaccines since the 1940s [10] . Annual influenza immunization for the active force began in the 1950s and total force (active and reserve components) influenza immunization remains a mandatory yearly requirement barring a contraindicating condition [10, 18] . Continually since the 2003-2004 influenza season, military immunization policies have called for preferential use of LAIV for all eligible service members, with TIV reserved for those not eligible to receive LAIV [19] [20] [21] . Recommendations for preferential use of LAIV over TIV originated from greater demand for influenza vaccine during the [2003] [2004] season and the need to maintain adequate supplies of TIV for high risk populations not eligible to receive LAIV [22, 23] . This article is a U.S. government work, and is not subject to copyright in the United States.
in comparison to TIV among military service members. The few population-based military studies that investigated influenza vaccine effectiveness were conducted among military basic trainees  assessing TIV only during the 2003-2004 season and TIV and LAIV  during the 2005-2006 season. These studies found very high vaccine effectiveness (92-94%) against laboratory confirmed influenza [24, 25] .
The U.S. military population provides a unique group to investigate and compare influenza vaccines, because it is primarily comprised of healthy adults who are annually immunized against influenza. In the general U.S. population, healthy young adults are not considered at high risk for significant influenza morbidity, so they are not targeted for immunization. As a result, this group has the lowest immunization rates compared to other age groups, making it difficult to investigate and compare influenza vaccines in this group outside of a clinical trial [26, 27] . In order to evaluate how well LAIV and TIV protect against influenza-like illness (ILI) among the adult population and to better inform U. 
Materials and methods

Study design
This was a retrospective cohort study. Two consecutive influenza seasons, 2005-2006 and 2006-2007 , were investigated. The Defense Medical Surveillance System (DMSS) contains demographic, occupational, immunization, and medical encounter data for U.S. military service members [28] . Using DMSS, we identified the eligible cohorts for each year of the study. The cohorts consisted of service members in the active component of the U.S. Army, Air Force, Navy, or Marine Corps, who were stationed in the U.S. and who had documentation of receiving only one dose of either LAIV or TIV from 1 September to 30 April during the season of interest. Determination of which vaccine a service member receives is typically not dependant on self-selection, but driven by service specific policies and vaccine ordering, availability of vaccines (early in the season one vaccine type may be available before the other type or shortages could affect vaccine selection by the clinic), and pre-existing exclusions for one vaccine type (age, contraindicating illnesses). To ensure that our study population consisted of service members eligible to receive either vaccine, service members 50 years of age or older and those who were pregnant at the time of immunization were excluded from the cohort.
Person-time at risk was calculated by summing the time from 14 days after influenza immunization to the end of the surveillance period (30 April) or the occurrence of a right censoring event. Right censoring events included overseas deployment, termination of military service, or change in status from active to reserve or guard component. Affected individuals were not considered "at risk" for 30 days after each ILI; hence, the 30 days after each ILI was excluded from the person-time at risk.
Identification of influenza-like illness
DMSS was used to identify ILIs among the study cohorts. An ILI event was defined as an outpatient or inpatient medical visit which resulted in an ICD-9 diagnostic code (Table 1) consistent with an ILI. The ICD-9 codes selected for this study were previously shown to be associated with culture-confirmed influenza illnesses among the U.S. military population [29] . To be counted as an ILI event, the medical encounter had to occur during the follow-up period which began 14 days after immunization and ended on 30 April or the date of a right censoring event. Medical visits occur- ring within 30 days of a primary visit were considered the same ILI event.
Statistical analysis
Three separate analytic plans were used for this study to address possible bias due to changing influenza activity during the season and timing of vaccine administration. The first method, the "Continuous Cohort", included the entire eligible cohort. People could enter the study cohort at any point during the influenza season when they received the influenza vaccine. The second method, the "November Cohort", included only people immunized during the month of November. For these first two methods, every new ILI event (30 days window applied) was counted as an outcome. The third method, the "Intense Cohort", included only people immunized from 1 September to 14 days prior to the start of the intense influenza period. Based on U.S. national data from the Centers for Disease Control and Prevention (CDC), the intense influenza period was defined as the 8 weeks with the highest percentage of isolates testing positive for influenza surrounding the peak influenza week (defined as the week with the highest percentage of tests positive for influenza) [30] [31] [32] For all analyses, recruits and non-recruits were analyzed separately due to differences in baseline risk of ILI and strong effect modification between recruit status and immunization received. Recruit status was defined at the time of immunization. In addition, recruits were stratified by service. Navy and Marine recruits were almost entirely immunized with TIV, therefore comparisons between the two vaccines could not be made in these populations. This was also seen for the Air Force recruit November cohort, which consisted mainly of LAIV recipients for The incidence of ILI per 1000 person-years (PY) was calculated for people who received either LAIV or TIV. The crude incidence rate ratio (IRR) and 95% confidence intervals (CI) were calculated comparing the ILI incidence in the LAIV group vs. the TIV group. In order to control for confounders, a Poisson regression model was used to estimate the adjusted IRR and 95% CI. Confidence intervals that did not include 1.0 were considered statistically significant at an␣ = 0.05 level of significance. The model included covariates that were considered a prior to be risk factors for 
Results
Study population
For the 2005-2006 influenza season, we identified 701,753 non-recruits and 70,325 recruits. Among the non-recruits, 80.5% received TIV and 19.5% received LAIV. Among the recruits, 71.1% and 28.9% received TIV and LAIV, respectively. Although the TIV and LAIV groups appear demographically similar for both the non-recruit and recruit populations, the population demographic differences were statistically significant ( Table 2 ). This mainly reflects the large sample sizes of the populations and is not uncommon with studies of this size. However, of note, Soldiers made up the majority of the LAIV group for both recruits and non-recruits, where as the TIV group consisted of a similar percentage of Soldiers, Airmen, and Sailors. In addition, among the recruits, LAIV recipients were more likely to have had other immunizations administered in the 1-30 days prior to their influenza immunization.
For the 2006-2007 influenza season, the cohort consisted of 757,091 non-recruits and 47,967 recruits. TIV and LAIV immunizations were more evenly distributed for the 2006-2007 season with 49.2% and 63.4% of the non-recruits and recruits, respectively, receiving TIV. Consistent with the prior year, the LAIV group consisted of a high percentage of Soldiers, the TIV group was move evenly distributed with Soldiers, Airmen, Sailors and Marines, and recruits receiving LAIV were more likely to have received other immunizations in the 1-30 days prior to the influenza Table 3 Crude immunization (Table 2 ). In addition, non-recruit LAIV recipients were more likely than TIV recipients to have been vaccinated for influenza during the previous influenza season.
ILI incidence
The crude incidence of ILIs stratified by various demographic and service characteristics for the 2006-2007 influenza season is presented in Table 3 . Overall, crude ILI incidence rates were 5-9 times higher and 2-16 times higher comparing recruits to non-recruits for TIV recipients and LAIV recipients, respectively. Females consistently had higher crude rates than males. Among non-recruits, Airmen had the highest crude rates compared to the other services regardless of vaccine group. Similar distributions were seen for the 2005-2006 season (Supplemental Table 1 ).
The timing of LAIV and TIV immunizations, distribution of ILI events, distribution of CDC influenza confirmed specimens, and distribution of censoring events for the continuous cohort for both seasons are presented in Fig. 1 [31, 32] . For the non-recruits, the majority of influenza immunizations occurred by the end of December for both season. Since recruits were continuously entering service throughout the influenza season, recruit immunizations were more evenly distributed throughout each season. For both seasons, peak ILI activity occurred during the first 2 months of the new year, although the 2006 season did have a slightly lower peak during November and December. Censoring events for the both the recruits and non-recruits were relatively evenly distributed through each season.
Non-recruits
For the 2005-2006 continuous and November cohorts, the ILI incidence per 1000 PY was 358.7 and 361.3 among LAIV recipients and 271.6 and 291.5 for TIV recipients, respectively. For the intense cohort, the ILI incidence was higher at 407.5 per 1000 PY and 315.2 per 1000 PY for LAIV and TIV immunized, respectively. Regardless of the cohort, the ILI incidence among LAIV recipients was higher than TIV recipients, with an adjusted IRR and 95% CI of 1.17 (1.14-1.20) (Table 4) 23-1.27) to 1.33 (1.30-1.36) ). For the age stratified analysis, IRRs decreased with increasing age category. The highest IRRs were in the 17-19-year-old age category and lowest IRRs were in the 40-49-year-old age category for both seasons and for all cohorts (Supplemental Table 2 ). Table 5 
Recruits
Discussion
Over two consecutive influenza seasons, we were able to follow large cohorts of service members to assess how well LAIV and TIV protected against ILI. Our findings of greater protection from ILI with LAIV compared to TIV for recruits and slightly greater protection with TIV compared to LAIV for non-recruits were initially surprising. However, after consideration of these results we hypothesize that several factors may be contributing to this difference.
Among the recruit population, for both influenza seasons, we found a significant protective effect of LAIV against ILI compared to TIV recipients. Two possible explanations for these finding are Table 4 Crude and adjusted incidence rate ratios comparing LAIV to TIV among non-recruits by analytical cohort and influenza season. that the recruit population has an intense burden of respiratory disease compared to non-recruits and recruits may also have a different immune response to immunization compared to routinely immunized non-recruits. Our recruit findings were similar to what has been shown for studies comparing the vaccines in children. Belshe et al. found a 54.9% reduction in the number of cultureconfirmed influenza cases among children 6-59 months for LAIV compared to TIV recipients [1] . This effect is larger, but still similar to our finding of approximately a 22-51% reduction in ILIs among recruits. Although the recruit population is made up of people 17-42 years old, the majority of recruits (60-65%) were 20 years of age or younger. This age group falls into the category with the lowest immunization rates in the United States, mostly likely because they were not persons for whom annual immunization was recommended [26, 27] . We suspect that the majority of recruits were not immunized against influenza in the years prior to joining the service and not at high risk for severe complications of influenza disease. This may lead to some recruits having an immune system that is relatively naive to influenza and to have a different immune response compared to that of a more seasoned service member who has received multiple annual influenza immunizations. Previous studies have found LAIV to elicit a more robust immune response and increased viral replication in unprimed subjects [33] [34] [35] [36] . These findings may explain the higher protection of LAIV compared to TIV in recruits. With the new 2008 recommendation for annual influenza immunization of children 5-18 years of age by the Advisory Committee on Immunization Practices, it will be important to assess if prior immunization rates among recruits are increasing and whether these increases effect the robust ILI protection we observed with LAIV [37] . The intense burden of respiratory disease found in the recruit setting may also play a role in the differences between recruits and non-recruits. Crowded living conditions, stressful environments, and the continuous entry of people from throughout the United States into this population make this setting ideal for the spread of respiratory pathogens [38, 39] . Not surprisingly, we found rates of ILIs to be 2-16 times higher among the recruits compared to the non-recruits depending on the service, immunization group, analysis cohort, and year of study. Previous studies of the recruit population have reported significant burden of respiratory disease and outbreaks of disease, due primarily to adenovirus, influenza, respiratory syncytial virus, and bacterial infections [14, 18, [40] [41] [42] [43] . The high burden and mixing of a variety of respiratory pathogens in this setting may alter the protective effect of vaccines. If influenza plays a role in subsequent viral or bacterial infections, then increased protection by LAIV may appear even greater in this recruit setting. In addition, the broad case definition of ILI may encompass these other acute respiratory pathogens.
The lower incidence of ILIs among non-recruit TIV recipients compared to LAIV recipients was similar to most reports among the general U.S. adult population. In a randomized, placebo-controlled challenge study, Treanor et al. reported a higher protective efficacy of LAIV (85%) compared to TIV (71%) among adults but this difference lacked statistical significance [6] . However, Nichol et al. found LAIV to be statistically significantly effective at preventing severe febrile illnesses and febrile upper respiratory tract illnesses compared to placebo [8] . Another randomized, placebo-controlled trial by Ohmit et al., found a higher absolute efficacy for TIV for culture or real-time PCR positive influenza (75% and 16%) compared to LAIV (48% and 8%) for both the 2004-2005 and 2005-2006 influenza seasons among adults, but with overlapping confidence intervals [5, 7] . TIV has also been reported by Bridges et al. to be 86% efficacious against laboratory confirmed influenza when compared to placebo [9] . Although our findings are consistent with these previous studies in adults, we were able to show statistically significant differences at an␣ = 0.05 level between LAIV and TIV protection from ILI. One possible explanation for this finding in our non-recruit population is high annual influenza immunization rates. Pre-existing antibody from multiple years of influenza immunizations may be playing a role in reducing the replication and antibody response to LAIV [33, 34, 36, [44] [45] [46] [47] . However, our findings of an inverse relationship between LAIV to TIV IRRs and age, as shown in (supplemental Table 2 ), is counter to the hypothesis that older age groups would have received more influenza immunizations and therefore have greater interference of pre-existing antibody with LAIV. One explanation of this finding is that older age may not directly correlate with more years in military service or more influenza immunizations. However, we feel these findings really point out that the interaction between LAIV and the immune system is multifaceted and requires more detailed investigations of the innate and adaptive immune responses to influenza immunizations.
An additional issue that could be playing a role in the difference between recruit and non-recruit findings may be differences in circulating influenza strains. Although we did not have data to specifically identify which strains were circulating in our populations, a previous study has reported differing vaccine effectiveness for LAIV and TIV when looking at influenza A and B viruses separately. The study by Ohmit et al., although under-powered for the strain specific assessment, reported a reduced protection of LAIV against influenza B viruses [5] . Although influenza B viruses were the minority, based on CDC data, they were present during both seasons, typically later in the season [29, 30] . If non-recruits were more likely to be exposed to influenza B viruses than recruits, then it may partially explain the differences we saw with LAIV.
The data used for this investigation present several limitations. The principal limitation is our use of ICD-9 codes consistent with ILI for the outcome of interest instead of laboratory confirmed influenza illness. By using this less specific case definition, it is likely some of the events were caused by viral or bacterial respiratory pathogens other than influenza, and we overestimated the true incidence of influenza. However, to minimize this risk, we chose to use ICD-9 codes that had previously been shown in a very similar population to be most associated with culture-confirmed influenza cases [29] . A benefit of this methodology is that it allows for assessment of the vaccines on a large population scale which would be infeasible for a culture-confirmed study. Additional weaknesses include a lack of smoking status, lack of knowledge about the number of children in the household, and lack of medical and immunization data prior to entry into military service. We were unable to determine whether recruits were immunized or infected with influenza in the year prior to entry into the service or to control for potential confounders such as past medical history or medical care usage patterns. However, in order to enter military service, applicants must meet certain physical and medical eligibility standards, which should decrease the likelihood of inclusion of recruits with significant medical conditions that would put them at higher risk for ILI [48, 49] . Selection bias may have occurred for the November cohort, but was necessary to be able to control for differences in the timing of LAIV and TIV administration. Using the CDC national influenza data to determine the windows for the intense cohorts may not accurately account for region and military differences in peak influenza activity. Although military specific data were not available, we did determine region specific windows for peak influenza activity using the CDC regional data and performed regional intense cohort analyses. The findings from these regional analyses were similar to the overall intense cohorts presented here (data not shown). The possibility for residual confounding and/or unmeasured confounding is also a limitation to the study.
Our results support continued immunization and preferential use of LAIV for the recruit population. Among adults regularly immunized against influenza and in a non-recruit setting, our findings of a slightly higher effectiveness with TIV favor immunization with this vaccine. Consideration of these findings should be made when developing influenza immunization policies. This study was strengthened by the consistency of findings using multiple study cohorts and over multiple influenza seasons. Additional studies of this nature are needed among adults to see if these findings are generalizable to the general U.S. population. In addition, investigation of the role of annual influenza immunizations in the adult population on the immunogenicity and viral replication of LAIV are needed. Continued assessment of these vaccines in subsequent influenza seasons is essential, especially during years of sub-optimal vaccine strain match and more significant seasons to assess how well these vaccines perform.
